The outcomes of first-generation EGFR-TKIs (Gefitnib and Erlotinib) have shown great advantages over traditional treatment strategies in patients with non-small cell lung cancer (NSCLC), but unfortunately we have to face the situation that most patients still fail to respond in the long term despite initially good control. Up to now, the mechanism of acquired resistance to EGFR-TKIs has not been fully clarified. Herein, we sought to compile the available clinical reports in the hope to better understanding the subsequent treatment choices, particularly on whether restoring after a drug holiday or switching to another EGFR-TKI is the better option after failure of one kind of EGFR-TKI.
Introduction
Lung cancer is the most common cancer and the leading cause of cancer-related mortality worldwide. Conventional chemotherapeutic agents were associated with significant toxicity and less effective for advanced non-small cell lung cancer (NSCLC). There is a tendency that the benefits derived from chemotherapy had reached a plateau (Laack et al., 2010) . The recommended first-line therapy of a platinum-based doublet had an objective response rate of only approximately 20% and a median survival time of 8-10 months for patients with stage IIIB or IV disease (Schiller et al., 2002) and no particular combination regimen offering a significant advantage over each other. The second-line chemotherapy of docetaxel and pemetrexed had response rates (RR) of only 8%-9% with progression-free survival (PFS) of less than 3 months (Hanna et al., 2004) .
EGF (epidermal growth factor) plays an important role in the erb-B signalling pathway which could promote cancer cell proliferation and tumor invasion and EGFR (epidermal growth factor receptor) is one of four structurally related members of the erb-B family of transmembrane tyrosine kinases; Over expression of EGFR is common in NSCLC and is associated with a poorer outcome (Volm et al., 1998; Ohsaki et al., 2000) ; As first-line setting, Gefitinib had been reported with promising results in Asian countries in a multicentre phase III randomized clinical trial which suggested that Gefitinib might be a good option for first-line treatment of adenocarcinoma in non-smoking Asians with superior * clinical efficacy and tolerability compared to standard chemotherapy (Fukuoka et al., 2011) ; Similar to the findings of Gefitinib, two randomized phase III studies demonstrated that Erlotinib achieved a better PFS and a higher response rate compared to chemotherapy as firstline treatment in patients with the EGFR mutation (Rosell et al., 2011; Zhou et al., 2011) . As second and third-line treatment of advanced NSCLC, Gefitinib and Erlotinib also showed survival advantage and better quality of life than traditional chemotherapies in a series of clinical trials. But unfortunately, the majority of patients receiving Gefitnib or Erlotinib would inevitably develop resistance after 6 months treatment, which were characterized by the presence of a known additional T790M mutation located in exon 20 (Sequist et al., 2007; Sequist et al., 2008) or the amplification of MET responsible for up to 20% of relapsing patients (Bean et al., 2007; Laack et al., 2010) . The lack of an established therapeutic option for NSCLC patients who have progressive disease after EGFR-TKIs failure poses a great challenge to physicians in terms of how best to manage this growing group of patients. Based on these backgrounds, the purpose of this review is to compile the published reports dealing with the subsequent treatment strategies especially on restoring after a drug holiday and switching to Gefitnib or Erlotinib for acquired resistance to EGFR-TKIs.
Materials and Methods

Search strategy and criteria for selecting studies
The literature search was conducted with assistance from a research librarian in the database of PubMed, Embase and Google Scholar to identify all clinical trials and case reports that contained advanced or metastatic NSCLC patients gained acquired resistance after treated with Gefitnib or Erlotinib and subsequently retreated with TKIs, we did not restrict Gefitnib or Erlotinib as first-line setting or subsequent treatment choices. The search strategy included articles from January 2004 to June 2013 indexed under the keywords of "Erlotinib or Gefitinib failure or EGFR TKI failure and lung cancer". The title and abstract of studies identified in the search were reviewed to exclude studies that did not answer the research question. The search did not restrict the type of publication or periodical. We selected all published reports that clearly described the following therapies that were administered with advanced or metastatic NSCLC patients who had documented progressive disease after treated with Gefitinib or Erlotinib. When complete information was not available, attempts were made to contact the corresponding authors of the studies for additional information. Furthermore, the search was only limited to English language (Kaira et al., 2010) .
Review Methods
The abstracts of articles were reviewed by our corresponding author. Irrelevant citations were removed according to the criteria mentioned above, thus creating a preliminary set of potentially relevant publications. Secondly, the full text articles were distributed to the two reviewers along with an evaluation form customized for reviewing the following therapies after acquired resistance to EGFR-TKIs; Two reviewers independently evaluated a number of allocated articles and extracted information regarding study design, study population, interventions, methods, outcome measures, results and conclusions for each article. The evaluation results were compared and re-evaluated until consensus was reached between two reviewers (Jensen et al., 2010) .
Results
Retreat with Gefitnib or Erlotinib following a drug holiday
It had been observed that some patients with EGFRmutation positive NSCLC who developed resistance to Gefitinib or Erlotinib had accelerated progression of disease after discontinuation of TKI (Chaft et al., 2011; Pallis and Syrigos, 2013) . This phenomenon suggested that some tumor cells may still remain sensitive to EGFRTKIs. We summarized 14 identified clinical reports about retreated with Gefitnib or Erlotinib following a drug holiday (Table 1) .
We excluded one paper due to no report of using Gefitnib or Erlotinib (Riely et al., 2007) . Of these 156 patients, 117 (75.0%) were Asian and 39 (25.0%) were Caucasian. 100 patients (64.1%) were women and 56 (35.9%) were men. Performance status (PS), histology of the patients and smoking history were as follows: PS 0-1 (89/109, 81.7%), PS 2-4 (20/109, 18.3%); adenocarcinoma (109/115, 94.8%), squamous cell carcinoma (SQC) (3/115, 2.6%), other (3/115, 2.6%); smoker (22/114, 19.3%), nonsmoker (92/114, 80.7%). Because EGFR mutation testing was approved relatively later than the administration of EGFR-TKIs in some countries, only 91 (58.3%) of 156 patients had tested EGFR mutations, and EGFR mutations were detected in 38 (41.8%) of 91 patients. In all of these 38 patients, the EGFR mutations were examined in the tumor samples prior to initiation of EGFR-TKIs therapy. Table 2 shows the response rate to Gefitnib or Erlotinib after following a drug holiday of initial EGFR-TKI, For these prospective or retrospective studies, only those benefit from prior Gefitnib or Erlotinib could enter the study and receive a second course of EGFR-TKI, so the disease control rate was 100.0% at first, and in the second course ,there was observed in (27/127) 21.3% in PR, (44/127) 34.6% in SD and (56/127) 44.1% in PD, the disease control rate of second course of EGFR-TKI was 55.9%. Median Time-to-Progression (TTP) to initial Note, G, gefitinib; E, erlotinib; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; DCR, disease control rate; a, Reported only the disease control rate (as the sum of PR and SD); b, CR; c, This patient took gefitinib 700 mg/d at initiation of treatment and got CR; d, a total of 4 cases of unavailable; e, This patient took gefitinib 500 mg/d at readministration of treatment; f, including one case of CR; C, chemothreapy; R, radiotherapy; BSC, best supportive care; *, "TTP to initial TKI therapy(m); **, Time from progression on initial TKI to retreatment(m); ***, Therapies between EGFR-TKIs TKI therapy was also investigated in the identified 110 patients, except (Yokouchi et al., 2007; Asahina et al., 2010; Watanabe et al., 2011) , and it ranged from 8.0 to 29.0 months for TKI therapy and 1.0 to 13.0 months for time from progression on initial TKI to retreatment, during the drug holiday, all patients received chemotherapy, radiotherapy and best supportive care (BSC) only played a role as adjuvant treatment for bone/brain metastases.
Switch between Erlotinib and Gefitinib.
Up to now, the best management of patients with acquired resistance to EGFR-TKIs remains unclear, except the above treatment option, it has been suggested that Erlotinib and Gefitinib should have similar effects because of their similar structures and mechanisms, but some differences between these two TKIs have also been demonstrated in pharmacodynamics and clinical settings. So we consider to compiling available clinical reports about switching between Erlotinib and Gefitinib. Table 3 summarized the 24 identified clinical reports. When we collected articles, we found that Kaira and his colleagues had already published an article on this topic (Kaira et al., 2010) in 2010, so our team decided to do a more comprehensive summary on the basis of their work. First, our review group updated reports from Zhou et al. (2009) to Kim et al. (2008) based on the topic about replacing Erlotinib to Gefitinib and then added two papers about switching to Gefitinib after Erlotinib failure based on our search criteria. Of these 445 patients, 398 (89.4%) were Asian and 47 (10.6%) were Caucasian. 268 patients (60.2%) were women and 177 (39.8%) were men. We can see an obvious tendency that East Asian countries especially Japan invested their enormous enthusiasm; just like the treatment option mentioned above, the Japanese experts did a great number of clinical researches in this area basically. In the replacement therapy after failure of one kind of TKI, there was observed (33/403) 8.2% in PR, (141/403) 35.0% in SD and (229/403) 56.8% in PD (Table 4) . Table 5 shows the response to the other EGFR-TKI after failure of one kind of TKI with or without EGFR mutation and median PFS or TTP of the replacement therapy. 145 patients had EGFR mutations. Response to the second course of TKI was observed in 5/145 (3.4%) in PR, 67/145 (46.2%) in SD and 73/145 (50.4%) in PD. Disease control rate was 49.7% for the replacement therapy. On the other hand, in 116 patients who had a wild type EGFR, response to the other TKI was observed in 5/116 (4.3%) in PR, 35/116 (30.2%) in SD and 76/116 (65.5%) in PD. Disease control rate was 34.5% for the treatment. No significant difference of disease control rate (49.7% vs 34.5%, p = 0.411) and response rate (3.4% vs 4.3%, p = 0.184) was observed between patients with EGFR mutations and patients with wild type EGFR. Given two papers (Luo et al., 2012; Zhou et al., 2009 ) use the item of "Time-to-Progression (TTP)" to calculate the efficiency of treatment duration, we put the TTP and PFS together to facilitate the compile and do not compare the P value of this part statistically; Median PFS or TTP was investigated in the identified 332 patients and it ranged from 5.9 to 17.0 months for Gefitinib therapy and from 1.7 to 5.9 months for Erlotinib therapy. The duration of PFS/TTP of these new updated papers didn't break through the time of the primary report by Kaira and his colleagues.
Combined with Radiotherapy
After acquired resitance to EGFR-TKIs, the majority of patients received chemotherapy, although there was a lot of difference between the chemotherapies, but encouraging results had only been obtained in some small sample of clinical trials. Local therapy is not commonly 
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used in metastatic lung cancer. Although some case reports and retrospective studies indicated potential benefit by surgical resection or radiation therapy for oligometastatic disease, specifically within the lung, adrenal gland or central nervous system (CNS) (Pfannschmidt et al., 2005; Voltolini et al., 2010; Yano et al., 2010) , but other study did not support this opinion (Downey et al., 2002) . Based on this paradox, we compiled the literature within the latest five years, In 2011, Shukuya et al. reported the efficacy of continuous EGFR-TKI administration following radiotherapy for isolated CNS failure (Shukuya et al., 2011) , 17 NSCLC patients showed isolated CNS failure after clinical benefits (PR or SD longer than 6 months) from EGFR-TKIs and continuously received EGFR-TKIs following radiotherapy (whole brain radiotherapy or stereotactic radiotherapy) to the CNS metastases, The RR (response rate) and DCR of CNS lesions were 41% and 76%, respectively. And the median PFS, extracranial progression free survival and the median OS (overall survival) time were 80 days, 171 days and 403 days respectively; they concluded that continuous administration of EGFR-TKI after the determination of PD in isolated CNS metastasis and radiotherapy for the CNS metastasis might represent an effective treatment option. Another trial conducted by Marquez-Medina et al. reported the efficacy of continued Erlotinib maintenance and salvage radiation for solitary metastasis in NSCLC (Marquez-Medina et al., 2013) , 30 patients were divided into two patterns (4 patients were enrolled into solitary-progression and 26 patients in the generalizedprogression), all four cases with solitary progression did benefit from continued Erlotinib maintenance and salvage radiation with 41-140 % prolongation of PFS. It was reflected in an improved OS when they were compared with patients with generalized progression (76.4 vs. 19.9 months; p = 0.018). They concluded that continued Erlotinib maintenance and local salvage radiation is feasible and could contribute to a better outcome in selected NSCLC patients with solitary-progression to Erlotinib. Another report from Weickhardt et al. (2012) had reported the feasibility of salvage local therapy and target therapy maintenance to treat cranial and extracranial oligo-progressions in 15 ALK-positive crizotinibtreated and 10 EGFR mutant TKI-treated NSCLC patients. Adrenalectomy was applied to one of them, and radiation to the rest. Median PFS benefit was 6.2 months, and it was higher in patients with extra-cranial progression only (7.1 vs. 4 months; p = 0.26). Latest, The Memorial Sloan-Kettering Cancer Center had published a report (Yu et al., 2013 ) of local therapy (13 patients with surgical resection, 2 patients with radiofrequency ablation and 3 patients with radiation) with continued EGFR-TKI in EGFR mutant advanced lung cancers that have developed acquired resistance to EGFR-TKIs, The median TTP after local therapy was 10 months (95% CI: 2-27 months). The median time until a subsequent change in systemic therapy was 22 months (95% CI: 6-30 months). The median OS from local therapy was 41 months (95% CI: 26-not reached).They concluded that EGFR-mutant lung cancers with acquired resistance to EGFR-TKI therapy are amenable to local therapy to treat oligo-metastatic disease when used in conjunction with continued EGFR inhibition. Local therapy followed by continued treatment with an EGFR-TKI is well tolerated and associated with long PFS and OS. It is worth mentioning that the reports mentioned above were all retrospective analysis with small samples, a prospective randomized clinical trial is strongly warranted to validate such therapeutic approaches with defined treatment criteria to minimize bias.
Treat with second-generation TKIs.
The number of second-generation TKIs continues to grow, with new reversible and irreversible members of the class under preclinical or clinical investigation for the treatment of solid tumors (Laack et al., 2010) . And several new generation TKIs have been tested in NSCLC. - Authors like Pallis et al. (2013) and Giaccone et al. (2011) had made a detailedly presentation in this issue, so here, we just briefly mentioned some latest clinical trials. Afatinib (BIBW 2992), an irreversible and double EGFR and HER-2 TKI, have gone on to demonstrate the efficacy in patients harboring activating EGFR mutations. In a phase IIb/III trial in patients who had progressed after at least 12 weeks of treatment with an EGFR-TKI. This trial failed to demonstrate an OS benefit (HR = 1.08; 95% CI 0.86-1.35)and the P value showed no significant (Miller et al., 2012) , though the median PFS was longer in the Afatinib group (3.3 months, 95% CI 2.79-4.40) than it was in the placebo group (1.1 months, 0. HR= 0.38, p<0.0001) .And in a post hoc analysis of 391 patients who were considered as highly likely to have EGFR mutations (long duration of response to prior treatment with EGFR-TKIs) showed that Afatinib significantly prolonged PFS (4.4 months vs. 1 month for placebo) and showed a trend toward improved OS (Miller et al., 2010) , and in the recent report about the symptoms and Health-related quality of life (HRQoL) benfit from this clinical trials had shown that Afatinib significantly improved NSCLC-related symptoms and HRQoL (Hirsh et al., 2013) . Neratinib (HKI-272) is another oral, irreversible, EGFR and HER-2 inhibitor and had been tested in a phase II trial in NSCLC patients (Sequist et al., 2010) , This phase II trial included patients with prior TKI therapy (both EGFR mutation positive and wild-type) and TKI-naïve patients with adenocarcinoma and light smoking histories (≤20 pack-years). The primary end-point of the study was ORR. But unfortunately the drug was not active in this population (ORR of 3%) and no patient with T790M mutation responded. After the results of this trial, further development of Neratinib in NSCLC was halted (Pallis and Syrigos, 2013) and the reason of this result had not very clear. Dacomitinib (PF-00299804), a new, irreversible, oral TKI of EGFR, HER-2 and HER-4. It has shown encouraging results in Asian patients (Park et al., 2010) and in Caucasians (Campbell et al., 2010) as third line treatment after chemotherapy and TKIs.
Other second generation EGFR-TKIs, like Crizotnib (PF-02341066) had shown a striking outcome vs chemotherapy (pemetrexed or docetaxel) in a phase III trial (Shaw et al., 2013) , the median PFS was 7.7 months in the Crizotinib group and 3.0 months in the chemotherapy group (HR=0.49; 95% CI, 0.37 to 0.64; P<0.001). The RR (response rates) were 65% (95% CI, 58 to 72) with Crizotinib, as compared with 20% (95% CI, 14 to 26) with chemotherapy (P<0.001) and 871) have the potential to overcome EGFR resistance and are currently being investigated in clinical trials (Goto et al., 2012) .
Discussion
The discovery of EGFR-TKIs as an effective mean, both as first and subsequent lines of therapy in the recent decades, ushered in the era of personalized medicine in NSCLC treatment. Instead of cytotoxic chemotherapy, patients with activating EGFR mutations now have the option of taking an oral pill with relatively tolerable side effects and a longer life expectancy (Nguyen and Neal, 2012) . However, the overwhelming majority of these patients would eventually develop acquired resistance to either drug and it remains a challenging problem. Based on our compile, we consider that patients who were progressed after benefit from the prior EGFR-TKI, after a drug holiday with systemic chemotherapy and/or chemo-radiotherapy, it is feasible to retrial with the original TKI for there exists evidence that the genetic mechanisms of acquired resistance could be lost in the absence of selective pressure from TKIs (Sequist et al., 2011) and the tumor continue to be "oncogene-addicted" to EGFR (Oh et al., 2012) , but the premise is only for those who were benefit from Gefitnib or Erlotinib at an initial course. Our results confirmed that more than half of the patients (55.9%) could benefit from a second course of EGFR-TKI. The outcome of switching between Erlotinib and Gefitinib was unsatisfactory compared with the great enthusiasm invested in this field before. The disease control rate treated with the other TKI after failure of one kind of TKI was 43.2%. It was lower than the restore option but had a relatively large increase compared with Kaira et al's (Kaira et al., 2010) investgation (43.2% vs 29.2%) in 2010. From Table 4 we can see that except one prospective study discussed about switching to Gefitnib after failure of Erlotinib, other reports by our updated were all retrospective trials or case reports and accompanied with the comprehending to "potential benefits population" by physicians in the recent 5 years, these inevitably contributed to the probability of selection bias and the increase did not convert to the survival benefit apparently, statistical analysis also shown that the status of EGFR mutations were not positive predictors for responding after failure of one kind of TKI. We consider that as a salvage option after failure of TKI, the other drug should be carefully considered in a select subset of patients and it is not recommended to convert to the other EGFR-TKI immediately after one kind of TKI resistant. Noteworthily, special attention should be paid for those EGFR mutant NSCLC patients with asymptomatic or local progression especially in CNS, autopsy reports had shown that CNS metastases may remain free of mutations associated with secondary resistance, despite the development of such mutations in systemic sites of disease. This was likely a result of poor drug penetration in the CNS obstructed by the Blood Brain Barrier (BBB) because sites of CNS progression may still have tumors that remain sensitive to treatment with the TKI if adequate concentrations of drug can be delivered into the CNS (Balak et al., 2006; Jackman et al., 2006) . Many experts still believe that those patients who experienced oligo-CNS relapse should not be considered as having systemic acquired resistance to EGFR-TKI therapy (Jackman et al., 2010) . So continuation of EGFR-TKI as systemic treatment plus local intervention like radiotherapy to control the local progression was rational in clinical practice and recent reports by our summary also support this treatment option, but this proposal still need to be verification by clinical trials. As another effective mean to treat NSCLC, what we are interested in is whether using EGFR-TKI combined with radiotherapy at the initial stage for their mechanisms to kill tumors were completely different and might DOI:http://dx.doi.org/10.7314/APJCP.2014.15.1.205 
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translate into clinical benefit for those patients who have limited treatment options at present. Crucially, identify the molecular alterations by rebiopsy that lead to resistance to Erlotinib/Gefitinib (like secondary mutation of the EGFR gene, amplification of the MET gene, HER-2 mutations, etc.) is urgent and would facilitate the development of strategies overcoming resistance and maximizing patients' benefits. A reasonable strategy to overcome acquired resistance to the first-generation EGFR-TKIs seems to use one of the several second-generation TKIs mentioned above, typified by irreversible EGFR-TKIs, Many of these irreversible inhibitors have demonstrated activity in preclinical studies. But it remains to be elucidated for the clinical results of these agents are not very encouraging especially in patients with progression after failure of Erlotinib/Gefitinib. Instead of using signal agent, another option is to use a combination of two targeted drugs that dual block the EGFR signaling pathway. For example the combination of Afatinib with Cetuximab was tested in NSCLC patients after failure of Erlotinib/Gefitinib treatment (Janjigian et al., 2011) , the encouraging results of this combination provides a potential therapeutic option for this population. Since NSCLC has several genetic alterations more than just EGFR mutation, trying to block two or more targets also seem to be an optimal approach to substantially improve clinical outcome and this rationale is also being tested in several clinical trials. We predict that good results will finally obtain with researches on the mechanism of resistance deeper and we look forward to reviewing future analyses.
In conclusion, retrospective studies and case reports account for the vast majority of this review, and researchers have used different inclusion/exclusion criteria, especially on the duration of time a patient must be treated with an EGFR-TKI before enrollment and/or the duration of time a patient should be off the EGFR-TKI before starting other therapies. Up to now, there were still no established treatment modes for patients after EGFR-TKI failure and some recommendations are still in low-level evidence. Trials including ASPIRATION (Park et al., 2012) , IMPRESS (NCT01544179) and a prospective study conducted by Guangdong General Hospital are ongoing to explore the treatment strategies for EGFR-TKI failure and we still have a long way to overcome the resistance to EGFR-TKI.
